Purpose: The exact estimation of the fill rate in the lost sales case is complex and time consuming. However, simple and suitable methods are needed for its estimation so that inventory managers could use them.
Introduction and Literature Review
Inventory models in the lost sales context are harder to formulate than backordering models because the loss of unfulfilled demand is more difficult to represent and manage as pointed out by Bijvank, Huh, Janakiraman and Kang (2014) and Zipkin, 2008a Zipkin, , 2008b . However, the lost sales case is quite common in sectors and industries where customers are not prepared for waiting when a stockout occurs as for example in the retail industry or in ecommerce.
Three papers can be found in the lost sales context that provide a way to estimate the probabilities of the on-hand stock levels although their aim is quite different. For example, Cardós, Miralles and Ros (2005) propose the only known method that provides an exact method to compute the Cycle Service Level in a discrete lost sales demand context and also provides the exact on-hand stock levels. This method, named Exact Method further on, is based on the probability transition matrixes of the on-hand stock levels from the beginning of each cycle to its end; the convergence of the resulting Markov chain provides the on-hand probability vector at the beginning of the cycle. Cardós and Babiloni (2011) derive an approximation of the Cycle Service Level assuming that there are no stockouts during the lead time so that the probability vector of the on-hand stock levels at the beginning of the cycle is computed as in the backordering case. This method, named M1 method henceforth, can be used for any discrete demand distribution. Bijvank and Johansen (2012) propose an approximation procedure for computing the average on-hand stock when demand is compound Poisson. This method, named B&J method below, basically starts from the on-hand stock probabilities as in the backlog case but multiplied by a correction factor in order to provide the average stock obtained applying the Little's Law.
The aim of this paper is to derive and evaluate procedures to compute the fill rate based on: (a) an estimation of the on-hand stock levels at the beginning of the cycle; (b) in the lost sales context and with any discrete demand distribution; and (c) easy to implement in practical environments.
The rest of the paper is organized as follows. Section 2 presents the basic notation and assumptions, Section 3 proposes four new methods to estimate the on-hand stock level probabilities at the beginning of the cycle and Section 4 evaluates the performance of the existing and new methods when used to estimate the fill rate. Finally, Section 5 highlights the conclusions of this work.
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Notation and Assumptions
Periodic review policies place replenishment orders every R time periods such that the on-hand stock plus outstanding orders reach the order-up-to level S. The order is received L time periods later. Figure 1 shows an example (a) where no stockout occurs and another example (b) showing a stockout. The notation in Figure 1 and in the rest of the paper is as follows: General assumptions of this paper are: (i) time is discrete and is organized in a numerable and infinite succession of equally spaced instants; (ii) the lead time and the review period are constant and known; (iii) there is never more than one outstanding order, leading to L<R; (iv) the replenishment orders are received at the end of the period; (v) demand is fulfilled with the on-hand stock at the beginning of the period; (vi) demand is stationary and i.i.d. and follows any discrete distribution function; and (vii) unfulfilled demand is lost.
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Proposed Methods

Fill Rate Estimation
Guijarro, Cardós and Babiloni (2012) compute the fill rate using a classical approach such as (1) However, we use the expression below because of its superior numerical stability and adherence to the fill rate definition itself (2)
On-hand Estimation Methods
M1 method assumes no stockout during the cycle, so the on-hand stock probabilities at the beginning of the cycle are (3) These probabilities can be expressed as a vector (4) M2 method, the first proposed method, is the opposite of M1 method because now we assume that there is a stockout as soon as possible, before the stock is reviewed Based on M1 and M2 methods, M3 method proposes another estimate of the probability vector based on the probability of occurring the assumptions of M2
M4 method is based on improving this idea using the probability of M1 assumptions (9) (10) Finally, M5 method simplifies the calculation of α and β assuming that α=β and α+β=1 so that (11)
Experimental Evaluation
The rationale for every method is quite different, so it is necessary to assess their accuracy in terms of their deviations from the exact fill rate. We perform an extensive experiment including smooth, intermittent, lumpy and erratic demand but also a wide combination of stock policy parameters as seen in Table 1 . This dataset provides 12,348 cases whose fill rate estimates are represented in Figure 2 . 
Conclusions
The analysis of the experimental data, assuming that a deviation of about 0.01 is acceptable, shows the following results:
1. B&J method present a very good overall performance and can be used when FR>0.90 but probably this method requires the highest computational effort.
2. M1 method always underestimates the fill rate and it can be used when FR>0.95.
3. M2 method always overestimates the fill rate and it can also be used when FR>0.95.
4. M3 method behaves like M1 method but improves its performance so that it can be used when FR>0.90.
5.
M4 method underestimates but also overestimates the fill rate, but it can also be used when
FR>0.90.
6. M5 method underestimates and overestimates the fill rate, but its accuracy is the best so that it can be used even when FR>0.65.
Therefore, M5 method outperforms the other alternative methods because of its low average deviation, low standard deviation and ease of calculation. In fact this research shows that fill rate can be estimated with high accuracy using a simple method instead of applying the complex calculations needed for the exact method.
